Introduction
============

South Korea has an intermediate tuberculosis (TB) burden: the annual incidence of TB is approximately 92 per 100,000 in the general population. Latent TB infection (LTBI) is expected to be present in about one third of general population.

Frequent immunosuppressive treatments and probably immune-mediated inflammatory disease (IMID) itself increase the risk of developing TB. In addition, the use of tumor necrosis factor (TNF) inhibitors increases more the incidence of TB in these patients. The risk of developing TB was higher in rheumatoid arthritis patients subjected to TNF inhibitor therapy than in otherwise healthy individuals and the incidence rate of TB increases as a result of TNF inhibitor therapy[@B1],[@B2]. According to meta-analyses of studies on randomized controlled groups at home and abroad, the use of TNF inhibitors in inflammatory bowel disease (IBD) patients increased the relative risk of TB incidence by 2.52-fold[@B3]. For these reasons, most organizations in the world recommend screening for LTBI before starting therapy with anti-TNF agents[@B4],[@B5]. Therefore, widespread screening and treatment of LTBI before initiation of anti-TNF treatment has dramatically reduced the incidence of TB[@B6]. In some areas, however, screening for TB before initiating treatment with TNF antagonists is rare[@B7].

Patients treated with TNF inhibitors are at increased risk of developing TB, mostly through reactivation of LTBI[@B8]. However, diagnosis of LTBI is difficult, particularly in immunocompromised patients. Tuberculin skin tests (TSTs) are not sufficiently accurate[@B9] and frequently yield false-positive results. Some of these limitations may be overcome through the use of new interferon-gamma (IFN-γ) releasing assays (IGRAs), including QuantiFERON-TB Gold In-Tube (QFT-GIT; Cellestis, Carnegie, VIC, Australia) and T-SPOT.TB (T-SPOT; Oxford Immunotec, Abingdon, UK), which detect cell-mediated IFN-γ responses to *Mycobacterium tuberculosis*-specific antigens. However, these IGRA tests are also affected by immunosuppression[@B10].

In this review, we will address the diagnosis of latent and active TB before anti-TNF therapy, LTBI treatment regimens, what to do when TB develops during anti-TNF therapy, the necessity of regular monitoring for the detection of new TB infection, and the re-initiation of anti-TNF therapy in patients who develop TB.

Screening of Active and Latent TB before Anti-TNF Therapy
=========================================================

To confirm active TB and LTBI prior to the initiation of TNF antagonists, clinical manifestations (history taking and physical examination), chest X-ray screening, and TB infection tests are essential ([Figure 1](#F1){ref-type="fig"}). History taking includes the treatment history of previous treatments used for active TB or LTBI, bacillus Calmette-Guérin (BCG) vaccination history and current symptoms of suspected TB. A physical examination should be conducted, specifically targeting the parts of the body affected by active TB. Because active TB can be asymptomatic, chest X-ray screening is recommended for all patients. Tests for active TB need to be performed in patients suspected of having active TB based on clinical features and a chest-X-ray; treatment for LTBI is not recommended at this time. In cases with a history of adequate treatment for TB, TB infection tests are not considered to be clinically meaningful and treatment of LTBI is not performed unless patients have new infection (new contact with infectious TB patients)[@B11]. Despite a history of appropriate treatment for TB, the decision to treat LTBI is dependent on a new contact history with patients with infectious TB and their immune status. When the appropriateness of the treatment for previous TB is unclear, the decision to treat LTBI is dependent on the attending physician\'s decision. In cases with a history of inappropriate treatment for previous TB, the possibility of active TB should be excluded prior to the initiation of LTBI treatment. LTBI treatment is performed regardless of the results of TB infection tests, when fibrostreaky lesions, suggestive of spontaneously healed TB, are detected in the upper lobes on a chest X-ray. However, the presence of small calcified pulmonary nodules alone does not merit LTBI treatment, as these lesions rarely display viable organisms on autopsy[@B12]. Despite the presence of fibrotic lesions after pulmonary TB, the treatment of LTBI is not indicated for patients with a history of adequate treatment for previous TB.

The presence of LTBI is determined by performing TB infection tests in patients with no history of previous treatment for TB and a normal chest X-ray (no abnormal TB-related findings). Currently used tests can detect TB infection, including both active TB and LTBI, but they cannot differentiate between active TB and LTBI. Therefore, LTBI is diagnosed after excluding active TB in cases with a positive TB infection test. TB infection tests include TST and IGRA. There are 2 available IGRA commercial kits: QFT-GIT measures the concentration of released IFN-γ using an enzyme-linked immunosorbent assay technique; T-SPOT measures the number of cells producing and secreting IFN-γ. Both assays have a high specificity in diagnosing TB infection via their use of *M. tuberculosis*-specific antigens. These antigens are absent in the BCG strain. Conversely, purified protein derivatives used in TST include antigens present in BCG strains. For this reason, high cross-reactivity decreases TST specificity in diagnosing TB infection. According to the results of previous studies, diagnostic sensitivity for TB infection is similar in both TST and IGRA in immunocompetent hosts. Several studies on IGRAs in immunocompromised patients reported that the T-SPOT test showed a high sensitivity for diagnosing TB infection[@B13]. The use of immunosuppressants in patients with IBDs resulted in a high false negative TST rate due to anergy[@B14],[@B15]. In contrast, IGRA is less influenced by immunosuppressive medications[@B16]. Because increased sensitivity may lower specificity, an appropriate cutoff value needs to be chosen by considering clinical circumstances. In a study of 212 patients (114 Crohn\'s disease, 44 ulcerative cloitis, 10 indeterminate colitis, and 44 controls) assessed by both TST and IGRA, agreement between the 2 test methods was poor. In contrast to the QFT-GIT test, the TST was negatively influenced by immunosuppressive medications and BCG vaccination status[@B15].

Due to the recent availability of IGRAs, the tests most appropriate for detecting TB infection have become somewhat controversial. Because the risk of developing TB increases in immunosuppressed patients, many experts agree that increasing sensitivity is more important than a slight decrease in specificity in detecting TB infection. Therefore, the use of TST alone is not appropriate for detecting TB infection in patients due to start anti-TNF therapy. Thus, IGRA alone or a combination of TST/IGRA is thought to be appropriate. The 2011 Korean Practice Guidelines for the Control and Management of TB recommended 3 tests (TST alone, IGRA alone, and the TST/IGRA dual screening method) equally in detecting TB infection in patients with immunosuppression[@B17]. However, TST alone is expected to be excluded in the revised version which is planned for publication in 2014 ([Figure 2](#F2){ref-type="fig"}). The UK\'s National Institute for Health and Clinical Excellence guidelines also do not recommend \"TST alone\" for detecting TB infection in patients with immunosuppression[@B18]. When using the TST/IGRA dual screening method, either test positive strategy can be used for determining positive LTBI in patients with immunosuppression. Therefore, TST and IGRA can be performed at the same time, or either test can be performed first, and if the test result is negative, then the other test can be performed. However, if either test performed first shows a positive result, then the other test is considered unnecessary. Recent data derived from UK clinical research verified that the LTBI detection rate was markedly increased when 3 methods (clinical factors, TST, and IGRA) were used in combination[@B19].

One of the disadvantages associated with IGRAs is a higher frequency of indeterminate results in patients with immunosuppression as compared to individuals without immunosupression. According to the results of previous studies, indeterminate QFT-G results accounted for 21.4% of all patients with immunosuppression and the rate of indeterminate results in patients with higher than 100/µL of CD4 positive cells was 2.8% as compared to 24% among human immunodeficiency virus (HIV)-positive patients with less than 100/µL of CD4 positive cells[@B10],[@B20]. When QFT-GIT was repeated using serum remaining after stimulation with TB-specific antigens in the first test, the rate of indeterminate results was also high (93.8%)[@B21] and when the QFT-G test was repeated 1 month later in the same patient, the indeterminate result rate was 83.3%[@B22]. Therefore, it would seem to be inappropriate to repeat an IGRA test when the first IGRA result is indeterminate. In this case, the presence of LTBI needs to be determined with TST results and clinical factors only.

Because false positive results of IGRAs are likely to occur when performing IGRAs three days after TST due to purified protein derivatives injected during TST, immediate IGRA is recommended within the TST result interpretation time (48-72 hours after TST) when TST is performed prior to IGRA[@B23],[@B24],[@B25],[@B26].

Treatment of LTBI
=================

Nine months of daily isoniazid (INH) administration is the standard regimen for treating LTBI[@B12]. After completion of treatment, the occurrence of TB can be prevented in approximately 90% of cases. However, LTBI treatment cannot prevent the development of TB via new infection that can occur following LTBI treatment. For this reason, the decision to treat LTBI should be readdressed after new contact with patients with infectious TB. The major disadvantage of INH alone is the long duration of treatment, whereas the duration of standard treatment for active TB is shorter by 3 months. This difference is mainly attributable to the minimal effectiveness of INH in dormant bacilli. A shortened 6-month drug regimen for treating active TB is possible due to the effectiveness of rifampicin (RIF) and pyrazinamide (PZA) in treating latent bacilli. Therefore, the use of RIF and PZA are expected to replace INH and enhance treatment effectiveness over a shorten treatment period in patients with LTBI. In animal experiments, various regimens, including RIF, showed more outstanding bacterial disinfecting effects as compared to the use of INH alone[@B27]. Therefore, a 2-month regimen of the RIF/PZA combination was recommended as an LTBI treatment strategy in the year 2000 in the United States[@B12]. However, the combination of RIF and PZA was subsequently excluded as an approved LTBI treatment strategy after several reports of deaths from severe liver toxicity[@B28]. Currently, a 4-month regimen of RIF is recommend in addition to the use of INH alone in the United States[@B12], while a 3-month regimen of the INH/RIF combination is recommended in the UK, based primarily on data derived from studies involving children[@B18],[@B29]. By accommodating those regimens, a 9-month INH regimen, a 4-month RIF regimen, and a 3-month regimen of the INH/RIF combination are equally recommended in Korea[@B17],[@B30]. Although a 3-month regimen of the INH/rifapentine (RPT) combination (once a week for a total of 12 intermittent treatment sessions) has been approved and recommended for treating LTBI in the United States since 2011, RPT is not yet available in Korea[@B31].

When initiating LTBI treatment, the most important factor to consider is the exclusion of the possibility of active TB. If the possibility of active TB is not excluded, LTBI treatment should be suspended. Since both INH and RIF are medications associated with a risk of liver toxicity, underlying liver diseases should be assessed before initiating LTBI treatment. Regular liver function tests are unnecessary during LTBI treatment if there are no risk factors for hepatitis. Currently, there is no way to confirm that LTBI has been adequately cured following the completion of LTBI treatment. Although 1 study reported that negative conversion was seen in some patients by performing IGRA on a regular basis during anti-TB treatment or LTBI treatment[@B32], repeated IGRA is not recommended during LTBI treatment because of high variability in repeated tests. After treating LTBI, even when patients come into contact with infectious TB patients, additional TB infection tests are not considered clinically meaningful and the decision whether to treat LTBI should be determined based on clinical factors alone.

Follow-up during Anti-TNF Therapy
=================================

The initiation of anti-TNF treatment is generally recommended after 3-4 weeks of LTBI treatment[@B11],[@B33]. According to the UK guidelines, treatment with TNF antagonists is recommended after completing treatment for LTBI if spontaneously healed TB lesions are shown on a chest X-ray[@B34]. However, these recommendations are not evidence-based, but reflect only expert opinion. In an observational study, TB did not develop in any of the approximately 60 patients for whom anti-TNF therapy was initiated at less than 3-4 weeks of LTBI treatment (Shim et al. unpublished). There is always a risk of contact with infectious TB patients in nations with a high incidence of TB. Therefore, the diagnostic tests for TB such as TB infection tests or chest X-rays may be performed regularly in patients taking anti-TNF agents and having negative LTBI test results at screening[@B35],[@B36]. However, the necessity of regular TB infection tests has not been universally recommended at present. Currently, an immediate visit to a hospital for examination is the most crucial step in cases of suspected TB symptoms or signs. To achieve this, a thorough education regarding TB-suggestive symptoms in patients taking anti-TNF agents is essential. One follow-up strategy that have been employed in our institution is to see patients 3 months and 9 months after the initiation of anti-TNF therapy and then at 1 year intervals.

It is possible that some cases of active TB could be detected as an incidental finding on a chest X-ray conducted during a regular check-up in asymptomatic patients, but this is limited to the early stage of TNF antagonist treatment. In many cases, TB-suggestive symptoms such as fever, rather than a planned regular follow-up, drove patients to hospitals after the initial stage of TNF antagonist therapy. Therefore, a short interval of regular follow-up visits is critical during the first several months of the initial stage of anti-TNF therapy in which TB is most likely to occur. Afterwards, patients need to visit the hospital if they experience symptoms or they may lengthen their check-up intervals.

The risk of developing TB is high in cases of close contact with infectious TB patients during TNF antagonist therapy. The likelihood of active TB needs to be examined with a chest X-ray. Because re-examination is not clinically meaningful if a positive result has already been obtained from TB infection test at screening, the decision to treat LTBI should be based on clinical factors, without performing TB infection test. In cases of a mild contact and non-close contact, physicians may elect to observe patients closely and not initiate LTBI treatment. If the TB infection test result was negative at screening before the use of a TNF antagonist, positive conversion should be confirmed by performing a TB infection test. However, LTBI treatment should be initiated immediately despite a negative result in close contacts, as positive conversion takes approximately 2-10 weeks (window period) after infection with TB bacteria. Therefore, TB infection tests should be repeated 8-10 weeks after the completion of contact with infectious TB patients. LTBI treatment should be continued if the repeated test result is positive and stopped if the result is negative.

Development of TB during Anti-TNF Therapy
=========================================

The occurrence of TB cannot be completely prevented during the implementation of TNF antagonist therapy despite LTBI treatment. For this reason, the possibility of TB development always needs to be taken into account[@B37]. When diagnosed with active TB, anti-TB treatment should be initiated and TNF inhibitor treatment should be stopped. Rapid drug susceptibility tests should be performed if microbiological tests are positive to promptly identify drug resistance[@B17]. The treatment period for active TB is identical to that of ordinary TB patients. A paradoxical response consisting of a favorable reaction of TB bacteria to anti-TB drugs, but deteriorated chest X-ray findings or symptoms such as fever due to enhanced immune response, can occur with the recovery from immunosuppression after suspending TNF inhibitor therapy[@B38]. Therefore, identifying negative conversion is of great importance in bacteriologically-confirmed TB patients. The possibility of a paradoxical response should be taken into consideration when drug susceptibility is confirmed to be pan-susceptible but chest X-rays or symptoms show deterioration despite a favorable reaction of TB bacteria to anti-TB drugs. In severe cases, treatment with immunosuppressive medications such as corticosteroids should be initiated. In a case report, TNF inhibitor therapy successfully controlled paradoxical responses that occurred during anti-TB treatment[@B39].

Re-initiation of Anti-TNF Therapy after Development of TB
=========================================================

Treatment with TNF antagonist needs to be re-initiated at a certain point in patients that stopped TNF antagonist therapy due to the occurrence of active TB. In general, initiating TNF inhibitor therapy is safe after completion of successful anti-TB treatment[@B11]. If TNF inhibitor therapy is urgent, treatment with TNF antagonists can be re-initiated after the completion of intensive phase treatment (first 2 months of standard regimen) and confirmation of favorable treatment responses. Concurrent administration with steroids from the start of anti-TB treatment is recommend for central nervous system TB and TB pericarditis among active TB diseases[@B40]. The results of previous studies have shown that an acceleration of the rate of decrease of bacteria was observed when immunosuppressants such as steroids or TNF antagonists were combined with anti-TB treatment in HIV-positive patients with TB[@B41],[@B42]. Thus, an immunosuppressive condition may be a minor problem if adequate TB treatment is implemented and TB is not severe. Therefore, the use of TNF antagonists may be considered from the beginning of anti-TB treatment in mild and drug-susceptible TB cases. Further studies are needed to clarify this issue.

Anti-TNF Therapy and Nontuberculous Mycobacteria
================================================

In the past, the incidence of TB was so high that a positive acid-fast bacilli (AFB) smear was regarded as the confirmation of TB. Presently, however, a positive AFB smear is no longer considered indicative of TB due to the gradual increase in the incidence of nontuberculous mycobacterial (NTM) disease in recent years. The diagnosis of TB can be confirmed through mycobacterial culture and identification of the *M. tuberculosis* complex. In addition, *M. tuberculosis* and NTM can be differentiated within a few days by performing a nucleic acid amplification test (NAAT) on AFB smear-positive specimens. The US practice guidelines have recommended NAAT to distinguish NTM from *M. tuberculosis* in cases of positive AFB smear[@B43]. The Korean clinical practice guidelines for TB, to be published in 2014, are anticipated to recommend repeated (twice) sputum AFB smear/culture tests and one NAAT in patients with suspected pulmonary TB. Although it is difficult to discriminate between pulmonary TB and NTM pulmonary disease clinically, a considerably low prevalence of NTM pulmonary disease in young, healthy individuals with normal immune function is helpful in discrimination. The likelihood of NTM pulmonary disease is high with the detection of bronchiectasis and centrilobular nodules in the right middle lobe or in the lingular segment of the left upper lobe in the lung on a simple chest X-ray or a chest computed tomography. In contrast, TB-suggestive lesions in the upper lobes are hardly distinguishable from NTM pulmonary disease. Since patients with Crohn\'s disease receiving a TNF antagonist are mostly young, the incidence of NTM pulmonary disease in these patients is rare. Instead, the incidence of NTM pulmonary disease may be higher in middle-aged or elderly patients with rheumatoid arthritis among TNF antagonist users.

There have not been any domestic studies that have investigated the association of the incidence of NTM pulmonary disease in TNF antagonist users. According to an analysis of the MedWatch database released in 2004 by the US Food and Drug Administration, the incidence of TB was 5-10 times higher than that of NTM or other granulomatous infections among TNF antagonist users[@B44]. According to the 2008 Emerging Infection Network of the Infectious Diseases Society of America, the incidence of NTM disease was about twice as high as the incidence of TB[@B45]. Although clinical experience regarding NTM pulmonary disease is still insufficient in current TNF antagonist users, the guidelines of the American Thoracic Society recommend that TNF antagonists can be used based on an expert\'s opinion only if adequate NTM treatment is being performed[@B46]. However, it is difficult to judge if treatment is adequate, as the treatment success rate of NTM pulmonary disease is lower than that of TB, and that unlike TB, clinical reactions are unpredictable based on drug susceptibility test results (excluding clarithromycin). In an observational study, the clinical manifestations and the degree of progression of NTM pulmonary disease varied insignificantly from immunocompetent individuals despite the use of a TNF antagonist (Shim et al. accepted in European Respiratory Journal). Therefore, withholding the use of a TNF antagonist may be a safer approach until anti-NTM treatment is administered in some period of time, however, the use of a TNF antagonist combined with NTM treatment can be considered with close monitoring of clinical progress when TNF antagonist therapy is determined to be urgent.

Conclusion
==========

The diagnosis and treatment of TB infection prior to the initiation of anti-TNF therapy are already standard for patients with IMIDs. Details are summarized in [Table 1](#T1){ref-type="table"}[@B17]. Further research will be required in order to develop more accurate tests to detect TB infection and to find more effective LTBI treatment regimens. This review with similar contents was already published in the journal of Intestinal Research as a review article[@B47].
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![Algorithm for the selection of candidates requiring LTBI treatment. TB: tuberculosis; CXR: chest radiography; CT: computed tomography; LTBI: latent tuberculosis infection.](trd-76-261-g001){#F1}

![Diagnosis of LTBI in immunocompromised adults. The appropriate method, either a combination of TST/IGRA (A) or IGRA alone (B), should be chosen based on circumstances of individual patient. The negative LTBI test is not recommended with TST alone, and a positive TST is diagnosed as LTBI. IGRA: interferon-gamma releasing assay. TB: tuberculosis; IGRA: interferon-gamma releasing assay; LTBI: latent tuberculosis infection; TST: tuberculin skin test.](trd-76-261-g002){#F2}
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Summary of recommendations regarding LTBI diagnosis and treatment in patients on anti-TNF therapy[@B17]
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LTBI: latent tuberculosis infection; TNF: tumor necrosis factor; TB: tuberculosis; IGRA: interferon-gamma releasing assay; TST: tuberculin skin test.
